Abstruct-We combine fast-frequency laser tuning and a 2 X 2 electrooptic switch to perform byte-by-byte switching at SONET rates using a wavelength-division-multiplexing (WDM) architecture. The three-section distributed-Bragg-reflector (DBR) lasers used can be tuned over a 100-GHz range in 5 ns.
I. INTRODUCTION HOTONICS has the potential to perform high-capac-P ity switching (i.e., switch hundreds of lines at multigigabit-per-second rates) more efficiently than electronics. In any switching system, however, the switching time (i.e., the time to reconfigure the switch) is dictated by the switching approach. Thus, packet switching, for example, has the least stringent requirements, since the packet (or cell) is usually long and the switch can be reconfigured in a fraction of the packet length as part of the packet overhead [l] . In a bit-by-bit switching system at gigabit rates, the switch must be set up in a fraction of a bit (usually a few picoseconds), which poses the most stringent requirements. In a SONET format, a switch could be required to reconfigure every byte. Current laser technol- In this letter we present results of an experiment on a fast byte-by-byte photonic switch architecture for multigigabit-per-second applications (i.e., a time-multiplexed switch at SONET rates) based on a WDM approach. The switch uses a patented technique [5] that combines fast switching lasers with a LiNbO, switch element to circumvent the limitations on laser-switching time.
SWITCH ARCHITECTURE AND EXPERIMENT
The switch architecture is depicted in Fig. 1 . It uses a star-based WDM scheme [6] where each input line is modulated into a fixed wavelength (frequency) using twosection multiple-quantum-well distributed-Bragg-reflector (MQW-DBR) lasers [7] . The laser frequencies (channels) are locked to the transmission peaks of a fiber Fabry-Perot filter (FFPF) so that they maintain a certain frequency separation n A F 181, where n is an integer and A F is the free spectral range (FSR) of the FFPF. The minimum channel separation A F is determined by the bandwidth of the transmitted signal according to the characteristics of the receiver, to minimize crosstalk. For our case, A F = 13 GHz. The frequencies are multiplexed in a wavelengthindependent star coupler (WIC) that serves as a broadcast network for the WDM signal. The polarization of the input lines is adjusted using manual dual-stage polarization controllers (PC's). The output lines select the desired input line by demultiplexing the WDM signal using a fast tunable balanced heterodyne receiver. Fast receiver tunability is achieved by the local oscillator (LO) switching scheme depicted in Fig. 2 . As shown in the figure, the receiver LO is provided by two tunable three-section MQW-DBR lasers (LO, and LO,) that are switched alternatively by a 2 X 2 LiNbO, electrooptic switch. The LiNbO, switch is operated at the byte rate (i.e., 1/8 data rate). The LO, lasers are tuned independently to a particular channel within a byte period and remain tuned to that channel for another byte period. The tuning is done according to the sequence the channels are to be switched into that output line. The LiNbO, switch is synchronized to the laser tuning circuit so that the LO and the intended channel produce the correct intermediate frequency for the receiver. Fig. 3 shows the timing sequence for the switch. The top trace is the receiver output. In our experimental setup, the receiver can be switched among four different channels. For this example, only the two channels corresponding to the same LO laser carry data. The transmitted data patterns are 00011010 for channel 1 and 00010101 for channel 3. The middle trace corresponds to the laser LO, tuning cycle (the laser LO, is tuned between channels 1 and 3 consecutively). The bottom trace corresponds to the LiNbO, switch cycle. The LiNbO, switch has a switching time of less than 30 ps. The switching time of the laser is less than 5 ns, and the tuning range = 100
GHz. Presently, time-multiplexed switching can be per- formed for OC-24 (1.2 Gb/s) data, but the scheme can be extended to switch higher bit rates by using a faster tunable laser. The heterodyne receiver can be operated at 2.5 Gb/s with a sensitivity of -31 dBm.
111. CONCLUSIONS We presented a photonic switch that can be used to switch bytes in a SONET frame. Although we are not advocating a byte-by-byte switching approach, the experiment demonstrates the feasibility of a technique that combines the capacity of a WDM system with the speed of LiNbO, to compensate for the limitations on the speed of the tunable elements. Analysis of the control system for tunable receiver is beyond the scope of this letter.
